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ABSTRACT 
Used cooking oil (UCO) offers a number of benefits for the production of biodiesel because it is a waste 
material and relatively cheap; however UCOs contain free fatty acids (FFAs) which need to be removed. 
Esterification can be used to convert the FFAs to biodiesel, and this work has compared two types of 
heterogeneous catalyst for esterification. An immobilized enzyme, Novozyme 435, was investigated 
because it has been shown to give a high conversion of FFAs and it has been compared to an ion-
exchange resin, Purolite D5081, which was developed for the esterification of UCO for the production of 
biodiesel. It was found that a conversion of 94% was achieved using Purolite D5081 compared to 90% 
conversion with Novozyme 435. 
 
 
KEYWORDS: 
Immobilize Enzyme; Catalyst Loading; Candida Antarctica Lipase; Internal Mass Transfer; Palm Fatty Acid 
Distillate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ACKNOWLEDGEMENT 
We thank EPSRC funding of the PhD scholarship for KH and Universiti Malaysia Pahang and Malaysian 
Government for the Ph.D. scholarship to SZA. We would also like to thank Purolite International Ltd 
(Mr. Brian Windsor and the late Dr. Jim Dale) for supplying the ion-exchange catalyst and Novozymes 
UK. Ltd. (Dr. David Cowan) for supplying the enzyme catalyst. 
 
 
REFERENCES 
1. Enweremadu CC, Mbarawa MM (2009) Renew Sust Energ Rev 13:2205–2224 
 
2. Talukder MMR, Wu JC, Lau SK, Cui LC, Shimin G, Lim A (2009) Energ Fuel 23:1–4 
 
3. Zabeti M, Wan Daud WMA, Aroua MK (2009) Fuel Process Technol 90:770–777 
 
4. Ozbay N, Oktar N, Tapan N (2008) Fuel 87:1789–1798 
 
5. Caetano CS, Guerreiro L, Fonseca IM, Ramos AM, Vital J, Castanheiro JE (2009) Appl Catal 
A-Gen 359:41–46 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
